Moderate acute malnutrition (MAM) affects 11% of children <5 y old worldwide and increases their risk for morbidity and mortality. It is assumed that successful treatment of MAM reduces these risks. A total of 1967 children aged 6-59 mo successfully treated for MAM in rural Malawi following randomized treatment with corn-soy blend plus milk and oil (CSB++), soy ready-to-use supplementary food (RUSF), or soy/whey RUSF were followed for 12 mo. The initial supplementary food was given until the child reached a weight-for-height Z-score (WHZ) >22. The median duration of feeding was 2 wk, with a maximum of 12 wk. The hypothesis tested was that children treated with either RUSF would be more likely to remain wellnourished than those treated with CSB++. The primary outcome, remaining well-nourished, was defined as mid-upper arm circumference $12.5 cm or WHZ $22 for the entire duration of follow-up. During the 12-mo follow-up period, only 1230 (63%) children remained well-nourished, 334 (17%) relapsed to MAM, 190 (10%) developed severe acute malnutrition, 74 (4%) died, and 139 (7%) were lost to follow-up. Children who were treated with soy/whey RUSF were more likely to remain well-nourished (67%) than those treated with CSB++ (62%) or soy RUSF (59%) (P = 0.01). A seasonal pattern of food insecurity and adverse clinical outcomes was observed. This study demonstrates that children successfully treated for MAM with soy/whey RUSF are more likely to remain well-nourished; however, all children successfully treated for MAM remain vulnerable.
Introduction
Acute malnutrition is implicated in 35% of the 7.5 million deaths of children <5 y in developing countries each year (1) . Moderate acute malnutrition (MAM) 10 , defined as having a weight-for-height Z-score (WHZ) <22 and $23 without edema, affects 11% of children worldwide under the age of 5 y (1). Children with MAM are not only at 3 times greater risk of death than well-nourished children but also face greater risk of morbidity from infectious diseases and delayed physical and cognitive development (1, 2) . Children with MAM are generally treated as outpatients with supplementary foods, such as peanut-based, ready-to-use supplementary food (RUSF) or fortified blended flours, such as corn-soy blend and corn-soy blend plus milk and oil (CSB++) (3, 4) . RUSF has been associated with higher recovery rates than corn-soy blend in children with MAM (5,6); however, CSB++ and RUSF have been shown to be equally effective (7) .
Systematically collected data on the outcomes of children who recover from MAM, particularly with respect to growth, mortality, and risk of further episodes of malnutrition, have not to our knowledge been reported in the medical/nutrition literature. In this study, we compared children successfully treated for MAM with CSB++ or 1 of 2 RUSF products to test the hypothesis that clinical outcomes 1 y after recovery from MAM will be better in children treated with RUSF.
Participants and Methods
Study population. Children aged 6-59 mo who recovered from MAM at 1 of 14 rural malnutrition clinics in southern Malawi while participating in a randomized controlled trial that compared the clinical efficacy of CSB++, soy RUSF, and soy/whey RUSF in treating MAM were eligible for the study (7) . Successful recovery was defined as reaching WHZ >22 without developing bipedal edema within #6 biweekly follow-up visits. Children with known or suspected HIV or tuberculosis were included in the study; however, children with other chronic debilitating illnesses, such as cerebral palsy or congenital malformations, were excluded.
Participants came primarily from families of subsistence farmers. Maize, the staple crop, is harvested from household-level gardens in April, after a single rainy season. Thus, the incidence of acute malnutrition peaks before harvest (December-April). The prevalence of HIV infection in children is estimated to be 1.7% (8) . Among Malawian children <5 y, 48% are stunted (9) . This study was approved by the University of Malawi College of Medicine Research and Ethics Committee and the Washington University in St. Louis Human Research Protection Office.
Study design. This was a 12-mo, prospective, observational study comparing the clinical outcomes of children previously treated for and recovered from MAM. The study was carried out following the completion of a randomized clinical trial for MAM where children were treated to the goal of WHZ >22 with CSB++, soy RUSF, or soy/ whey RUSF. Caretakers were asked to return to the clinic with the child at 3, 6, and 12 mo after recovery and at any time they believed that the child might benefit from evaluation. At every visit, anthropometric and clinical status was assessed. Possible clinical outcomes at 12 mo were: well-nourished, defined as WHZ >22 or mid-upper arm circumference (MUAC) $12.5 cm at every visit for 1 y; relapsed, defined as WHZ #22 and MUAC <12.5 cm at any time during the year; developed severe acute malnutrition (SAM), defined as having a WHZ <23 or bipedal edema at any time during the year; defaulted, defined as having been followed-up for <48 wk; or died. Children who relapsed or developed SAM were appropriately treated until recovery.
The primary outcome was remaining well-nourished. Secondary outcomes were development of SAM and death. A child was considered to have an adverse outcome if he/ she developed MAM or SAM or died. Identification of risk factors for death and the development of SAM were assessed through regression modeling. The sample size of 1967 eligible children was large enough to detect a difference in the absolute improvement of the primary outcome of at least 5 percentage points with either RUSF formulation, with a 5% a-error and 90% power, assuming that 90% of children remained well-nourished with CSB++.
Participation. Once it was confirmed that caretakers gave informed consent, demographic information was collected and household food insecurity status was assessed using a validated, 9-item Household Food Insecurity Access Scale (HFIAS) (10, 11) . Trained nutrition researchers and senior pediatric research nurses then evaluated children for acute malnutrition by measuring anthropometry and assessing for edema. Standard methodologies for anthropometric measurements were used: weight was measured using an electronic scale to the nearest 5 g; length was measured in triplicate to the nearest 0.2 cm using a rigid length board; and MUAC was measured with a standard insertion tape to the nearest 0.2 cm. After extensive training by one of the physicians supervising the study, field nutrition researchers evaluated participants for edematous malnutrition (kwashiorkor) by assessing for bilateral pitting edema.
At each visit, the childÕs weight, length, and MUAC were measured and edema was reassessed and caretakers were interviewed regarding the childÕs appetite, infectious symptoms, HFIAS, and antibiotic use during the prior 2 wk. Nutrition and general health counseling was provided to the caretakers.
Children whose WHZ was found to be <22 and $23 at any visit were given focused nutritional counseling and supplemental rations that
) and treated to recovery. Children found to have SAM at any visit were treated with ready-to-use therapeutic food as outpatients (12) or transferred to inpatient care, as clinically appropriate in each case. HIV testing was encouraged if the mother was HIV positive, if the child remained malnourished despite 4 wk of therapy, or if the child was suspected to have HIV infection by clinical assessment. Children who missed scheduled visits were sought by village health workers at their homes and encouraged to return for follow-up.
Initial treatment of MAM. Prior to enrollment, all children were treated with 1 of 3 supplementary foods (Supplemental Table 1 ). CSB++ is a blended flour with 8% milk powder and is less energy dense but has more protein than both RUSF products. CSB++ costs US$1.10/kg or US$0.16/ average daily ration. Soy RUSF contains no animal source ingredients and costs US$2.13/kg or US$0.22/average daily ration (1 sachet weighing 92 g). Soy/whey RUSF contains 2 g of protein from animal sources and costs US$3.59/kg or US$0.38/average daily ration. The median duration of feeding was 2 wk with a maximum of 12 wk. Children who did not recover after 12 wk were offered inpatient or outpatient treatment for SAM.
Data analyses. Anthropometric indices were computed from the WHOÕs 2006 Child Growth Standards (13), calculated using Anthro or AnthroPlus (WHO). These programs correct for the use of length instead of standing height in children >2 y old. Clinical outcomes, demographic and clinical characteristics, and anthropometric measurements were compared using chi-square tests for dichotomous variables and ANOVA for continuous variables. Intention-to-treat analysis was used. The Bonferroni test was used for post-test comparisons. All statistical assessments were performed with IBM SPSS Statistics 20. P values <0.05 were considered to be significant.
To determine risk factors for poor outcomes while controlling for confounding variables and differences in the enrollment characteristics of children treated with different supplementary foods, logistic regression models for remaining well-nourished, development of SAM, and death at 3 mo and 12 mo were created. The regression models were created using a stepwise backward method where the criteria for inclusion in the final model was P < 0.10 for the coefficient. Covariates initially included in the models were age, sex, whether the mother was alive, whether the father was alive, whether the mother was the primary caretaker of the child, whether the childÕs father was present in the home, motherÕs HIV status (if mother was alive), childÕs HIV status, number of children in the household <5 y, type of food received during the initial MAM treatment, and, upon enrollment, caretakerÕs report of fever, cough, diarrhea, vomiting, and appetite, childÕs anthropometric status [MUAC, WHZ, and height-for-age Z-score (HAZ)], and HFIAS. Coefficients were ORs. Covariates with coefficients with a 95% CI that did not include 1 were considered significant.
To assess for the presence of seasonal variation in the occurrence of an adverse outcome, the number of children presenting for follow-up in each 4-mo period and the number of children who died, developed SAM, or developed MAM were tabulated. The data were plotted and tested by chi-square using a 2 3 3 table. A P value of <0.01 was considered to be reflective of a significant seasonal variation in these adverse outcomes.
Results
Between November 2009 and February 2011, 1967 children successfully recovered from MAM and were eligible for this study ( Fig. 1; Table 1 ). Children who were treated with soy/ whey RUSF had a higher MUAC than children who were treated with CSB++ or soy RUSF upon entry to this study (Table 1) . A total of 139 (7%) children were lost to follow-up during the course of 1 y; 90 (65%) of these children were known to have moved away from the geographic proximity to the follow-up site. Enrollment characteristics of the children who defaulted were similar to those of children who completed the 1-y follow-up.
A total of 1552 (79%) children remained well-nourished after 3 mo and 1353 (69%) were well-nourished after 6 mo. Among the 74 (4%) children who died, 28 (38%) died within 3 mo of enrollment and another 25 (34%) died between the 3-and 6-mo follow-up visits. Of the 53 caretakers that reported a cause of death, fever, diarrhea, and malaria accounted for 42 (79%) of these cases and SAM was mentioned in only 3 (6%) of the deaths.
Children who were treated with soy/whey RUSF for their initial episode of MAM were more likely to remain wellnourished (67%) than those treated with CSB++ (62%) or soy RUSF (59%) (P = 0.01) ( Table 2 ). This comparison was not controlled for the difference in MUAC seen at enrollment. Logistic regression modeling was used to identify baseline characteristics that were associated with children who remained well-nourished, developed SAM, or died during the follow-up period ( Table 3) . The model identified lower MUAC and having a father who died as characteristics associated with death by 3 mo; additionally, HAZ and known HIV infection were also associated with death by 12 mo. Regression modeling did not identify an association between receiving soy/whey RUSF and remaining well-nourished.
Repeat episodes of MAM and SAM were more frequently observed during the more food-insecure months of January through April (chi-square = 108 df = 3 degrees; P < 0.0001) (Fig. 2) . A similar pattern of seasonal food insecurity was observed by HFIAS (data not shown).
Discussion
In this 1-y observational study, only 63% of children who recovered from MAM remained well-nourished, while 4% died. Although simple comparison of this primary outcome on the basis of the type of supplementary food administered indicates that soy/whey RUSF is superior to soy RUSF and CSB++, logistic regression modeling to control for differences in MUAC, HAZ, and WHZ between the groups did not identify soy/whey RUSF as an independent predictor for a child remaining wellnourished.
The limitations of this study are that the study population was rural southern African children living in a climate with a distinct rainy season that provides adequate water for a single harvest annually; thus, the results should be extrapolated with caution to other populations with different patterns of rainfall and habitual diets. Measurement of stature was accurate to only the nearest 2 mm; however, changes in stature were assessed over a relatively long period of time, 3-12 mo, during which a child might be expected to grow 12 cm. The number of children lost to follow-up was 7%, modest considering that follow-up for each child took place over a 12-mo period. The initial treatment for MAM in the study population was conducted in the context of a randomized trial that provided specialized fortified foods and we speculate that outcomes after 12 mo would be worse in a programmatic setting.
In this study, children who relapsed to MAM were defined as those with a MUAC <12.5 cm and WHZ <22, whereas in operational practice either of the criteria would be used to identify MAM. Use of WHZ criteria to define relapse to MAM is often problematic in operational practice, because upon recovery, children may grow in stature without concurrent weight gain sufficient to maintain WHZ. These children appear to relapse using WHZ criteria, when in fact their continued linear growth indicates that they may not be malnourished. Use of MUAC obviates this categorization artifact in the identification of MAM. To apply more stringent criteria in an effort to identify children who experienced a genuine deterioration in nutritional status, we used both MUAC and WHZ to define MAM in this study.
Supplementary feeding with soy/whey RUSF is associated with greater growth in MUAC in children with MAM, which confers a clinical benefit that extends for 12 mo thereafter. Although the rate of recovery was similar between the 3 foods after initial treatment (7), soy/whey RUSF achieved a slightly more durable recovery that resulted in maintaining normal nutritional status over the subsequent year (67% for soy/whey RUSF vs. 62% for CSB++ and 59% for soy RUSF; P = 0.01). We speculate that the most cost-effective approach to achieving greater MUAC may well be treatment with a less costly food, such as soy RUSF or CSB++, for a longer duration than increased use of soy/whey RUSF; however, a future study would need to be carried out to confirm this.
Continuing supplementary feeding for MAM longer than the time required to reach WHZ >22 may increase the fraction of children that remain well-nourished over the subsequent year, which is certainly warranted given the poor outcomes for children that cease to receive supplementary food as soon as they obtain a WHZ >22. Internationally, there is currently diversity in the WHZ discharge criteria that are used for MAM, ranging from WHZ >22 to WHZ >21, based on expert opinion. Evidence to suggest the optimal duration of feeding for a child with MAM in terms of long-term outcomes is lacking. The challenge that increasing the WHZ discharge criterion presents operationally is that WHZ may not continue to increase as nutritional status improves. Thus, supplementary feeding programs will find that many children will not qualify for discharge on the basis of WHZ, even though their linear growth is occurring at a normal rate. The use of MUAC along with WHZ to define MAM and recovery from MAM may solve this operational challenge.
The high prevalence of poor outcomes among children recovering from MAM suggests that although anthropometric recovery was achieved, childrenÕs physiologic and immunologic status was not restored to normal. Among all Malawian children aged 1-5 y, the mortality rate is expected to be 1% annually (8) , yet 4% of the children participating in this study died. Perhaps further interventions should be offered to these children during this period of vulnerability. Potential interventions include bed nets to prevent malaria, the most common infection, a supplementary food for a limited duration that would provide all of the micronutrients needed in the diet plus 100 kcal, HIV testing and treatment, deworming, and a review and update of the immunization status for each child. Regular monthly follow-up might be helpful as well, particularly during times of food insecurity or for those children that are not cared for by their mothers. 17 (3) 11 (2) 15 (2) 0.60 Mother known to be HIV+, n (%)
82 (13) 58 (9) 55 (8) Children having recovered from MAM should be considered at high risk and the subject of interventions to reduce this risk in further trials. Although HIV infection was not implicated in most of the poor outcomes, it was strongly associated with SAM and death. This suggests that there is a benefit to linking HIV testing programs with targeted feeding programs in HIV endemic regions, with the goals being appropriate provision of ART and cotrimoxazole prophylaxis.
The incidence of adverse clinical outcomes followed a seasonal pattern of food shortage that is commonly recognized in Malawi, with a greater proportion of poor outcomes occurring during the ''hungry season.'' Correspondingly, a similar pattern of seasonal food insecurity was observed by HFIAS. Among children with poor outcomes, 60% of these occurred during the ''hungry season,'' suggesting that interventions to improve longer term outcomes for MAM in Malawi could be targeted in this season.
Future research should explore the optimal duration of treatment for MAM, what is the most appropriate discharge criteria for targeted MAM treatment programs, what types of physiologic and/or immunologic deficiencies persist after anthropometric MAM has resolved, and testing interventions to improve outcomes in this vulnerable population. 
FIGURE 2
Numbers of children recovered from MAM that had adverse outcomes by season. Adverse outcomes included developing MAM or SAM and death. *Indicates adverse outcomes were higher during the food-insecure months of January to April compared with the rest of the year (chi-square, P , 0.0001). MAM, moderate acute malnutrition; SAM, severe acute malnutrition.
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